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Description 

Technical  Field 

5  This  invention  relates  generally  to  the  cryogenic  separation  of  air  to  produce  nitrogen  and  more  particularly 
to  the  production  of  elevated  pressure  nitrogen. 

Background  Art 

10  High  purity  nitrogen  at  superatmospheric  pressure  is  used  in  a  number  of  applications  such  as  blanketing, 
stirring,  transporting  and  inerting  in  many  industries  such  as  glassmaking,  aluminum  production  and  electron- 
ics.  In  addition  large  quantities  of  nitrogen  are  used  in  enhanced  oil  or  gas  recovery  operations  after  booster 
compression  to  high  pressures. 

One  important  method  for  producing  nitrogen  at  elevated  pressure  is  by  the  cryogenic  rectification  or  sep- 
15  aration  of  air  using  a  single  column.  Adisadvantage  with  such  a  system  is  that  it  can  efficiently  produce  elevated 

pressure  nitrogen  only  at  relatively  low  recovery  rates.  Generally  single  column  systems  can  efficiently  recover 
only  about  42  percent  of  the  feed  air  as  product  elevated  pressure  nitrogen. 

The  recovery  of  nitrogen  by  the  cryogenic  separation  of  air  can  be  increased  by  employing  a  double  column 
cryogenic  rectification  system  wherein  a  higher  pressure  column  and  a  lower  pressure  column  are  in  heat  ex- 

20  change  relation.  While  such  a  system  improves  nitrogen  recovery,  a  significant  amount  of  the  nitrogen  recov- 
ered  is  at  a  lower  pressure.  Thus,  if  elevated  pressure  nitrogen  is  required,  the  lower  pressure  nitrogen  must 
be  compressed  to  the  higher  pressure  thus  adding  both  capital  costs  and  operating  costs  to  the  nitrogen  pro- 
duction  system. 

A  method  and  an  apparatus  for  producing  nitrogen  at  high  yields  comprising: 
25  (A)  providing  compressed  feed  air  into  a  higher  pressure  primary  column; 

(B)  separating  the  feed  air  in  the  primary  column  into  nitrogen-richer  component  and  oxygen-enriched 
component; 
(C)  condensing  the  nitrogen-richer  component  by  indirect  heat  exchange  with  at  least  a  part  of  the  oxygen- 
enriched  component; 

30  (D)  passing  oxygen-enriched  component  resulting  from  step  (C)  into  an  auxiliary  column  operating  at  a 
pressure  less  than  that  of  the  primary  column; 
(E)  separating  oxygen-enriched  component  into  nitrogen-enriched  vapor  and  oxygen-richer  liquid; 
(F)  condensing  nitrogen-enriched  vapor  by  indirect  heat  exchange  with  oxygen-richer  liquid  to  produce  ni- 
trogen-enriched  liquid;  and 

35  (G)  recovering  nitrogen-richer  component  from  the  primary  column  as  product  elevated  pressure  nitrogen 
is  known  from  WO  89/04942.  In  this  method  the  nitrogen-enriched  liquid  produced  in  step  (F)  is  used  as  over- 
head  reflux  for  the  auxiliary  column. 

Furthermore  a  method  and  an  apparatus  for  producing  nitrogen  under  pressure,  comprising 
(A)  providing  compressed  feed  air  into  a  primary  column  operating  at  a  pressure  within  the  range  of  from 

40  8  to  10  bars; 
(B)  separating  the  feed  air  in  the  primary  column  into  nitrogen-richer  component  and  oxygen-enriched 
component; 
(C)  providing  oxygen-enriched  component  into  an  auxiliary  column  operating  at  a  pressure  of  4  to  5  bars, 
(D)  separating  oxygen-enriched  component  into  nitrogen-enriched  vapor  and  oxygen-richer  liquid; 

45  (E)  condensing  nitrogen-enriched  vapor  by  indirect  heat  exchange  with  oxygen-richer  liquid  to  produce  ni- 
trogen-enriched  liquid; 
(F)  increasing  the  pressure  of  the  nitrogen-enriched  liquid  to  substantially  the  operating  pressure  of  the 
primary  column; 
(G)  providing  pressurized  nitrogen-enriched  liquid  into  the  primary  column  for  further  production  of  nitro- 

50  gen-richer  component;  and 
(H)  recovering  nitrogen-richer  component  from  the  primary  column  as  product  elevated  pressure  nitrogen 

is  known  from  FR-A-2  578  532.  In  this  method  the  nitrogen-richer  component  resulting  from  separating  the 
feed  air  in  the  primary  column  into  nitrogen-richer  component  and  oxygen-enriched  component,  is  condensed 
by  indirect  heat  exchange  with  oxygen-richer  liquid  produced  in  the  auxiliary  column.  The  oxygen-enriched 

55  component  obtained  in  the  primary  column  is  fed  from  the  bottom  of  this  column  through  an  expansion  valve 
into  the  auxiliary  column. 

It  is  desirable  to  have  a  system  which  can  produce  elevated  pressure  nitrogen  with  improved  recovery. 
Accordingly  it  is  an  object  of  this  invention  to  provide  a  method  for  economically  producing  elevated  pres- 
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sure  nitrogen  by  the  cryogenic  rectification  of  air  with  improved  recovery. 
It  is  another  object  of  this  invention  to  provide  an  apparatus  for  producing  elevated  pressure  nitrogen  by 

the  cryogenic  rectification  of  air  with  improved  recovery. 

5  Summary  of  the  Invention 

The  above  and  other  objects  which  will  become  apparent  to  one  skilled  in  the  art  upon  a  reading  of  this 
disclosure  are  attained  by  the  present  invention  one  aspect  of  which  is: 

A  method  for  producing  elevated  pressure  nitrogen  with  improved  recovery  comprising: 
10  (A)  providing  compressed  feed  air  into  a  primary  column  operating  at  a  pressure  within  the  range  of  from 

5.5  to  10.3  bar  (80  to  150  pounds  per  square  inch  absolute); 
(B)  separating  the  feed  air  in  the  primary  column  into  nitrogen-richer  component  and  oxygen-enriched 
component; 
(C)  condensing  the  nitrogen-richer  component  by  indirect  heat  exchange  with  at  least  a  part  of  the  oxygen- 

15  enriched  component; 
(D)  turboexpanding  a  portion  of  the  oxygen-enriched  component  resulting  from  step  (C)  and  passing  said 
turboexpanded  portion  in  indirect  heat  exchange  with  compressed  feed  air  to  provide  refrigeration  into  the 
system; 
(E)  passing  oxygen-enriched  component  resulting  from  step  (C)  into  an  auxiliary  column  operating  at  a 

20  pressure  less  than  that  of  the  primary  column; 
(F)  separating  oxygen-enriched  component  into  nitrogen-enriched  vapor  and  oxygen-richer  liquid; 
(G)  condensing  nitrogen-enriched  vapor  by  indirect  heat  exchange  with  oxygen-richer  liquid  to  produce 
nitrogen-enriched  liquid; 
(H)  increasing  the  pressure  of  the  nitrogen-enriched  liquid  to  substantially  the  operating  pressure  of  the 

25  primary  column; 
(J)  providing  pressurized  nitrogen-enriched  liquid  into  the  primary  column  for  further  production  of  nitro- 
gen-richer  component;  and 
(K)  recovering  nitrogen-richer  component  from  the  primary  column  as  product  elevated  pressure  nitrogen. 
Another  aspect  of  this  invention  comprises: 

30  Apparatus  for  producing  elevated  pressure  nitrogen  with  improved  recovery  comprising: 
(A)  a  primary  column,  having  a  top  condenser  and  means  for  providing  feed,  at  least  the  major  portion  of 
which  is  gaseous,  into  the  primary  column; 
(B)  means  for  providing  fluid  as  liquid  stream  from  the  lower  portion  of  the  primary  column  into  the  top 
condenser; 

35  (C)  an  auxiliary  column  having  a  top  condenser; 
(D)  means  for  providing  a  first  portion  of  vaporfrom  the  primary  column  top  condenser  into  a  turboexpan- 
derand  means  to  provide  a  second  portion  of  the  vaporfrom  the  primary  column  top  condenser  into  the 
auxiliary  column; 
(E)  means  for  providing  vaporfrom  the  turboexpander  in  indirect  heat  exchange  with  gaseous  feed  to  pro- 

40  vide  refrigeration  into  the  system; 
(F)  means  for  providing  liquid  from  the  primary  column  top  condenser  into  the  auxiliary  column; 
(G)  means  for  providing  liquid  from  the  auxiliary  column  top  condenser  into  the  primary  column  including 
means  for  increasing  the  pressure  of  said  liquid;  and 
(H)  means  for  recovering  product  from  the  primary  column. 

45  The  term  "column"  is  used  herein  to  mean  a  distillation,  rectification  or  fractionation  column,  i.e.,  a  con- 
tacting  column  or  zone  wherein  liquid  and  vapor  phases  are  countercurrently  contacted  to  effect  separation 
of  a  fluid  mixture,  as  for  example,  by  contacting  of  the  vapor  and  liquid  phases  on  a  series  of  vertically  spaced 
trays  or  plates  mounted  within  the  column,  or  on  packing  elements,  or  a  combination  thereof.  For  an  expanded 
discussion  of  fractionation  columns  see  the  Chemical  Engineer's  Handbook,  Fifth  Edition,  edited  by  R.  H.  Perry 

so  and  C.  H.  Chilton,  McGraw-Hill  Book  Company,  New  York  Section  13,  "Distillation"  B.  D.  Smith  et  al,  page  13- 
3,  The  Continuous  Distillation  Process. 

The  term  "top  condenser"  is  used  herein  to  mean  the  respective  primary  column  or  auxiliary  column  con- 
denser  wherein  vaporfrom  the  column  is  condensed  to  provide  reflux  by  indirect  heat  exchange  with  vaporizing 
liquid  at  a  lower  pressure. 

55  The  term  "indirect  heat  exchange"  is  used  herein  to  mean  the  bringing  of  two  fluid  streams  into  heat  ex- 
change  relation  without  any  physical  contact  or  intermixing  of  the  fluids  with  each  other. 

The  term  "turboexpansion"  is  used  herein  to  mean  the  conversion  of  the  pressure  energy  of  a  gas  into 
mechanical  work  by  expansion  of  the  gas  through  a  device  such  as  a  turbine. 
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Brief  Description  of  the  Drawings 

Figure  1  is  a  schematic  representation  of  one  embodiment  of  the  invention. 
Figure  2  is  a  schematic  representation  of  another  preferred  embodiment  of  the  invention. 

5 
Detailed  Description 

The  method  and  apparatus  of  this  invention  will  be  described  in  detail  with  reference  to  the  Drawings. 
Referring  now  to  Figure  1,  feed  air  1  is  compressed  by  passage  through  compressor  2  and  the  resulting 

10  compressed  feed  air  3  is  cleaned  of  high  boiling  impurities  such  as  water  vapor  and  carbon  dioxide  by  passage 
through  prepurif  ier  4.  Typically  prepurifier4  comprises  molecular  sieve  beds.  Compressed,  cleaned  feed  air 
5  is  then  cooled  by  passage  through  heat  exchanger  6  by  indirect  heat  exchange  with  return  streams. 

Cooled,  cleaned,  compressed  feed  air  9  is  then  passed  into  primary  column  100  which  is  operating  at  a 
pressure  within  the  range  of  from  (552  to  1034  kPa  (80  to  150  pounds  per  square  inch  absolute  (psia)),  pre- 

15  ferably  within  the  range  of  from  690  to  896  kPa  (100  to  130  psia).  Figure  1  illustrates  a  preferred  embodiment 
of  the  invention  wherein  a  portion  10  of  the  feed  air  is  liquified  by  passage  through  heat  exchanger  11  by  indirect 
heat  exchange  with  return  streams.  Resulting  liquified  feed  air  portion  12  and  gaseous  feed  air  portion  13  are 
provided  into  primary  column  100.  If  employed,  liquified  feed  air  portion  12  will  comprise  up  to  about  10  percent 
of  incoming  feed  air  1  . 

20  Within  primary  column  100  the  feed  air  is  separated  by  cryogenic  rectification  into  nitrogen-richer  com- 
ponent  and  oxygen-enriched  component.  The  nitrogen-richer  component  will  generally  have  a  nitrogen  con- 
centration  of  at  least  about  99  percent  and  may  have  a  nitrogen  concentration  of  up  to  99.9999  percent  or  more. 
The  oxygen-enriched  component  will  generally  have  an  oxygen  concentration  within  the  range  of  from  30  to 
45  percent. 

25  Gaseous  nitrogen-richer  component  14  may  be  passed  out  of  primary  column  100.  A  portion  15  of  the  ni- 
trogen-richer  component  is  warmed  by  passage  through  heat  exchangers  11  and  6  and  recovered  as  product 
elevated  pressure  nitrogen  gas  16.  The  pressure  of  the  product  gas  may  be  up  to  the  operating  pressure  of 
the  primary  column  less  pressure  drop  in  the  recovery  conduit.  Another  portion  17  of  the  nitrogen-richer  com- 
ponent  is  provided  into  primary  column  top  condenser  101.  Also  provided  into  top  condenser  101  is  oxygen- 

30  enriched  component  taken  as  liquid  stream  18  from  or  near  the  bottom  of  primary  column  100.  In  the  embodi- 
ment  illustrated  in  Figure  1  stream  18  is  cooled  by  passage  through  heat  exchanger  11.  A  portion  19  of  cooled 
stream  18  is  passed  into  top  condenser  101  while  another  portion  20  is  provided  directly  into  auxiliary  column 
200. 

Within  primary  column  top  condenser  101  nitrogen-richer  component  17  is  condensed  by  indirect  heat  ex- 
35  change  with  oxygen-enriched  component  supplied  to  top  condenser  1  01  such  that  the  oxygen-enriched  com- 

ponent  is  at  least  partially  vaporized.  In  the  embodiment  illustrated  in  Figure  1  the  oxygen-enriched  component 
is  completely  vaporized  by  the  heat  exchange  within  top  condenser  101  and  a  portion  of  the  resulting  vapor 
is  provided  as  stream  42  into  auxiliary  column  200  at  or  near  the  bottom  of  the  column.  Resulting  condensed 
nitrogen-richer  component  28  is  employed  as  liquid  reflux  for  primary  column  100.  If  desired,  a  portion  of  the 

40  nitrogen-richer  component  from  top  condenser  101  may  be  recovered  as  product  liquid  nitrogen. 
Auxiliary  column  200  operates  at  a  pressure  less  than  that  of  primary  column  100.  Generally  the  operating 

pressure  of  auxiliary  column  200  will  be  within  the  range  of  from  276  to  483  kPa  (40  to  70  psia),  preferably 
within  the  range  of  from  310  to  414  kPa  (45  to  60  psia).  Within  auxiliary  column  200  the  feed  or  feeds  into  the 
column  are  separated  by  cryogenic  rectification  into  nitrogen-enriched  vapor  and  oxygen-richer  liquid.  The 

45  feed  into  auxiliary  column  200  will  include  one  or  more  streams  of  oxygen-enriched  component.  Generally  the 
nitrogen-enriched  vapor  will  have  a  nitrogen  concentration  within  the  range  of  from  90  to  100  percent  and  the 
oxygen-richer  liquid  will  have  an  oxygen  concentration  within  the  range  of  from  45  to  65  percent. 

Nitrogen-enriched  vapor  22  and  oxygen-richer  liquid  23  are  provided  into  auxiliary  column  top  condenser 
201  wherein  nitrogen-enriched  vapor  is  condensed  by  indirect  heat  exchange  with  vaporizing  oxygen-richer 

so  liquid.  The  resulting  oxygen-richervapor  is  passed  from  top  condenser201  as  stream  24  through  heat  exchang- 
ers  11  and  6  and  out  of  the  system  as  stream  25.  The  resulting  nitrogen-enriched  liquid  is  passed  26  into  aux- 
iliary  column  200  as  liquid  reflux. 

A  portion  27  of  the  nitrogen-enriched  liquid  is  increased  in  pressure  to  substantially  that  of  primary  column 
100  and  then  provided  into  primary  column  1  00.  A  preferred  means  of  increasing  the  pressure  of  the  nitrogen- 

55  enriched  liquid  is  by  passing  the  liquid  through  a  liquid  pump  such  as  liquid  pump  60  illustrated  in  Figure  1. 
The  pressurized  nitrogen-enriched  liquid  may  be  conveniently  provided  into  primary  column  100  by  combina- 
tion  with  the  liquid  reflux  stream  28.  The  pressurized  nitrogen-enriched  liquid  provided  into  primary  column 
1  00  enables  the  production  of  further  nitrogen-richer  component  and  consequent  elevated  pressure  nitrogen 

4 
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product. 
While  preferred,  the  pressurized  recycled  nitrogen  liquid  stream  need  not  be  combined  with  reflux  stream 

28,  but  rather  may  be  inserted  into  the  top  section  of  primary  column  1  00,  for  example,  if  its  purity  is  slightly 
less  than  that  of  stream  28.  The  recycled  nitrogen  liquid  stream  back  to  the  primary  column  provides  additional 

5  nitrogen  liquid  reflux  so  that  a  large  gaseous  nitrogen  stream  can  be  withdrawn  from  the  top  of  the  primary 
column  to  produce  a  gaseous  nitrogen  product  stream  at  a  single  elevated  pressure  from  the  column  system. 

Figure  2  illustrates  a  preferred  embodiment  of  the  invention  wherein  a  portion  of  the  cooled,  cleaned,  com- 
pressed  feed  air  is  liquified  by  indirect  heat  exchange  with  auxiliary  column  bottoms  prior  to  introduction  into 
the  primary  column.  The  numerals  in  Figure  2  correspond  to  those  of  Figure  1  for  the  common  elements  and 

10  the  descriptions  of  these  common  elements  will  not  be  repeated. 
Referring  now  to  Figure  2  a  portion  30  of  the  cooled,  cleaned,  compressed  feed  air  is  provided  into  bottom 

reboiler202  wherein  it  is  condensed  by  indirect  heat  exchange  with  vaporizing  bottom  liquid  of  auxiliary  column 
200  thus  providing  vapor  boilup  for  auxiliary  column  200.  Portion  30,  if  employed,  may  be  from  1  to  30  percent 
of  incoming  feed  air  1.  The  remaining  portion  34  of  stream  13  is  provided  directly  into  column  100.  Resulting 

15  liquified  air  is  passed  as  stream  31  into  primary  column  100.  As  a  consequence  of  the  air  boiling  of  auxiliary 
column  200  bottoms,  vaporfrom  primary  column  top  condenser  101  need  not  be  passed  into  the  bottom  of 
auxiliary  column  200.  In  the  embodiment  illustrated  in  Figure  2  the  entire  portion  of  stream  18  is  passed  into 
top  condenser  101  wherein  the  oxygen-enriched  liquid  component  is  partially  vaporized  against  condensing 
nitrogen-richer  component.  A  portion  of  the  resulting  oxygen-enriched  vapor  and  remaining  oxygen-enriched 

20  liquid  are  passed  from  top  condenser  101  as  streams  42  and  33  respectively  into  auxiliary  column  200,  both 
at  points  above  reboiler  202.  The  addition  of  auxiliary  column  reboiler  202  increases  the  nitrogen  recovery 
over  that  of  the  simpler  arrangement  illustrated  in  Figure  1  by  enriching  the  oxygen  content  of  stream  23  which 
becomes  the  waste  rejection  stream  24.  Passing  the  entire  stream  1  8  into  top  condenser  101  is  a  feature  which 
allows  feed  stream  1  to  be  at  its  lowest  pressure  for  the  column  system.  In  both  embodiments  of  the  invention 

25  a  waste  stream  is  turboexpanded  to  generate  refrigeration. 
Referring  now  to  Figures  1  and/or  2,  a  portion  40  of  oxygen-enriched  vapor  41  from  top  condenser  101  is 

warmed  by  partial  traverse  of  heat  exchanger  6  while  another  portion  42  of  oxygen-enriched  vapor  41  is  passed 
into  auxiliary  column  200.  Warmed  oxygen-enriched  vapor  43  is  turboexpanded  by  passage  though  turboex- 
pander  44  to  generate  refrigeration  and  the  resulting  turboexpanded  stream  45  is  passed  through  heat  ex- 

30  changer  6,  such  as  by  combination  with  stream  24,  thus  transferring  added  refrigeration  to  the  incoming  feed 
air  and  into  the  system.  The  resulting  warmed  stream  is  removed  from  the  system  such  as  with  waste  stream 
25. 

Computer  simulations  of  the  invention  were  carried  out  in  accord  with  the  embodiments  illustrated  in  Figure 
2  and  the  data  generated  by  these  simulations  is  presented  in  Tables  1.  The  stream  numbers  in  the  Tables 

35  correspond  to  those  of  the  Figures. 

40 

45 

50 

55 

TABLE  1 

Stream 
No.  Flow  Temp.  Pressure  Pressure  Composition 

(°K)  (psia)  (kPa)  (mole  fraction) 
5  100  280  106  731  0.2095 

34  75  104  104  717  0.2095 
30  25  104  104  717  0.2095 
40  10  97  53  365 
42  small  104  104  717  0.2095 
15  54.9  98.5  102  703  <100  ppm 
27  19-4  90  52  358  <100  ppm 
24  35.1  88.5  17.5  121 

can  be  seen,  the  embodiment  of  the  invention  illustrated  in  Figure  2  will  enable  the  recovery  < 
percent  of  the  incoming  feed  air  as  product  elevated  pressure  nitrogen. 

5 
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For  comparative  purposes  a  computer  simulation  was  carried  out  of  a  typical  single  column  nitrogen  gen- 
erator  cycle.  With  this  conventional  cycle  only  40.6  percent  of  the  incoming  feed  air  could  be  recovered  as  prod- 
uct  elevated  pressure  nitrogen.  Thus  the  invention  enables  the  recovery  of  over  30  percent  more  of  elevated 
pressure  nitrogen  over  that  attainable  with  a  conventional  single  column  nitrogen  generator  system. 

5  Although  the  invention  has  been  described  in  detail  with  reference  to  certain  embodiments,  those  skilled 
in  the  art  will  recognize  that  there  are  other  embodiments  of  the  invention  within  the  spirit  of  the  claims.  For 
example,  if  convenient,  system  refrigeration  may  be  generated  by  turboexpansion  of  an  oxygen  enriched  vapor 
stream  taken  from  the  auxiliary  column.  One  or  both  of  the  top  condensers  could  be  within  their  respective 
columns  as  opposed  to  outside  as  illustrated  in  the  Figures.  Furthermore  the  auxiliary  column  reboiler  illu- 

10  strated  in  Figure  2  could  be  outside  the  auxiliary  column. 

Claims 

15  1.  A  method  for  producing  elevated  pressure  nitrogen  with  improved  recovery  comprising: 
(A)  providing  compressed  feed  air  (3)  into  a  primary  column  (100)  operating  at  a  pressure  within  the 
range  of  from  5.5  to  10.3  bar  (80  to  150  pounds  per  square  inch  absolute); 
(B)  separating  the  feed  air  in  the  primary  column  (1  00)  into  nitrogen-richer  component  (14)  and  oxygen- 
enriched  component  (18); 

20  (C)  condensing  the  nitrogen-richer  component  (14)  by  indirect  heat  exchange  with  at  least  a  part  of  the 
oxygen-enriched  component  (18); 
(D)  turboexpanding  a  portion  (40)  of  the  oxygen-enriched  component  (41)  resulting  from  step  (C)  and 
passing  said  turboexpanded  portion  (45)  in  indirect  heat  exchange  with  compressed  feed  air  (3)  to  pro- 
vide  refrigeration  into  the  system 

25  (E)  passing  oxygen-enriched  component  (33,  42)  resulting  from  step  (C)  into  an  auxiliary  column  (200) 
operating  at  a  pressure  less  than  that  of  the  primary  column  (100); 
(F)  separating  oxygen-enriched  component  into  nitrogen-enriched  vapor  (22)  and  oxygen-richer  liquid 
(23); 
(G)  condensing  nitrogen-enriched  vapor  (22)  by  indirect  heat  exchange  with  oxygen-richer  liquid  (23) 

30  to  produce  nitrogen-enriched  liquid  (27); 
(H)  increasing  the  pressure  of  the  nitrogen-enriched  liquid  (27)  to  substantially  the  operating  pressure 
of  the  primary  column  (100); 
(J)  providing  pressurized  nitrogen-enriched  liquid  into  the  primary  column  (100)  for  further  production 
of  nitrogen-richer  component  (14);  and 

35  (K)  recovering  nitrogen-richer  component  from  the  primary  column  (1  00)  as  product  elevated  pressure 
nitrogen  (16). 

2.  The  method  of  claim  1  wherein  a  portion  (28)  of  the  nitrogen-richer  component  (14)  is  condensed  and 
employed  in  the  primary  column  (100)  as  reflux. 

40 
3.  The  method  of  claim  1  or  2  wherein  the  oxygen-enriched  component  (1  8)  is  partially  vaporized  by  the  in- 

direct  heat  exchange  with  condensing  nitrogen-richer  component  (14)  and  both  the  resulting  oxygen-en- 
riched  vapor  (32,  42)  and  oxygen-enriched  liquid  (20,  33)  are  passed  into  the  auxiliary  column  (200). 

4.  The  method  of  any  one  of  the  preceding  claims  wherein  the  pressure  of  the  nitrogen-enriched  liquid  (27) 45 is  increased  by  liquid  pumping. 

5.  The  method  of  any  one  of  the  preceding  claims  further  comprising  liquefying  a  portion  (10,  12,  30,  31)  of 
the  compressed  feed  air  (3)  prior  to  the  introduction  of  such  portion  into  the  primary  column  (100). 

50  6.  The  method  of  claim  5  wherein  the  said  feed  air  portion  (30,  31)  is  liquefied  by  indirect  heat  exchange 
with  bottoms  of  the  auxiliary  column  (200)  thereby  providing  vapor  upf  low  for  the  auxiliary  column. 

7.  Apparatus  for  producing  elevated  pressure  nitrogen  with  improved  recovery  comprising: 
(A)  a  primary  column  (100),  having  a  top  condenser  (101)  and  means  for  providing  feed  (12,  13),  at 

55  least  the  major  portion  of  which  is  gaseous,  into  the  primary  column; 
(B)  means  for  providing  fluid  as  liquid  stream  (18)  from  the  lower  portion  of  the  primary  column  (100) 
into  the  top  condenser  (101); 
(C)  an  auxiliary  column  (200)  having  a  top  condenser  (201); 
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(D)  means  for  providing  a  first  portion  (40)  of  vapor  (41)  from  the  primary  column  top  condenser  (101) 
into  a  turboexpander(44)and  means  to  provide  a  second  portion  (42)  of  the  vapor  (41)  from  the  primary 
column  top  condenser  (101)  into  the  auxiliary  column  (200); 
(E)  means  for  providing  vapor  (45)  from  the  turboexpander  (44)  in  indirect  heat  exchange  with  gaseous 

5  feed  (5,  9)  to  provide  refrigeration  into  the  system; 
(F)  means  for  providing  liquid  (33)  from  the  primary  column  top  condenser  (101)  into  the  auxiliary  col- 
umn  (200); 
(G)  means  for  providing  liquid  (27)  from  the  auxiliary  column  top  condenser  (201)  into  the  primary  col- 
umn  (100)  including  means  (60)  for  increasing  the  pressure  of  said  liquid;  and 

10  (H)  means  for  recovering  product  (16)  from  the  primary  column  (100). 

8.  The  apparatus  of  claim  7  wherein  the  pressure  increasing  means  comprises  a  liquid  pump  (60). 

9.  The  apparatus  of  claim  7  or  8  further  comprising  means  (11,  202)  to  liquefy  a  portion  (10,  12,  30,  31)  of 

15  the  feed  prior  to  that  portion  being  provided  into  the  primary  column  (100). 

10.  The  apparatus  of  claim  9  wherein  the  means  for  liquefying  said  portion  (30,31)  of  the  feed  comprises  a 
reboiler  (202)  in  the  lower  portion  of  the  auxiliary  column  (200). 

Patentanspruche 

1.  Verfahren  zur  Herstellung  von  unter  erhohtem  Druck  stehendem  Stickstoff  mit  verbesserter  Ausbeute, 
bei  dem: 

(A)  verdichtete  Einsatzluft  (3)  in  eine  Primarsaule  (100)  eingebracht  wird,  die  bei  einem  Druck  im  Be- 
reich  von  5,5  bis  10,3  bar  (80  bis  150  pounds  per  square  inch  absolute)  betrieben  wird; 
(B)  die  Einsatzluft  in  der  Primarsaule  (100)  in  stickstoff  reichere  Komponente  (14)  und  mit  Sauerstoff 
angereicherte  Komponente  (18)  zerlegt  wird; 
(C)  die  stickstoffreichere  Komponente  (14)  durch  indirekten  Warmeaustausch  mit  mindestens  einem 
Teil  der  mit  Sauerstoff  angereicherten  Komponente  (18)  kondensiert  wird; 
(D)  ein  Teil  (40)  dersich  ausdem  Verfahrensschritt(C)  ergebenden  mit  Sauerstoff  angereicherten  Kom- 
ponente  (41)  turboexpandiert  und  dieserturboexpandierte  Teil  (45)  in  indirekten  Warmeaustausch  mit 
verdichteter  Einsatzluft  (3)  gebracht  wird,  urn  Kalte  in  das  System  einzubringen; 
(E)  sich  aus  dem  Verfahrensschritt  (C)  ergebende  mit  Sauerstoff  angereicherte  Komponente  (33,  42) 
in  eine  Hilfssaule  (100)  eingeleitet  wird,  die  bei  einem  Druck  betrieben  wird,  der  kleinerals  der  der  Pri- 35 marsaule  (1  00)  ist; 
(F)  mit  Sauerstoff  angereicherte  Komponente  in  mit  Stickstoff  angereicherten  Dampf  (22)  und  sauer- 
stoffreichere  Flussigkeit  (23)  zerlegt  wird; 
(G)  mit  Stickstoff  angereicherter  Dampf  (22)  durch  indirekten  Warmeaustausch  mit  sauerstoff  reicherer 

4o  Flussigkeit  (23)  kondensiert  wird,  urn  mit  Stickstoff  angereicherte  Flussigkeit  (27)  zu  erzeugen; 
(H)  der  Druck  der  mit  Stickstoff  angereicherten  Flussigkeit  (27)  auf  im  wesentlichen  den  Betriebsdruck 
der  Primarsaule  (100)  erhoht  wird; 
(J)  aufgedruckte  mit  Stickstoff  angereicherte  Flussigkeit  in  die  Primarsaule  (100)  zur  weiteren  Herstel- 
lung  von  stickstoffreicherer  Komponente  (14)  eingeleitet  wird;  und 
(K)  stickstoffreichere  Komponente  von  der  Primarsaule  (1  00)  als  unter  erhohtem  Druck  stehender  Pro- 45 duktstickstoff  (16)  gewonnen  wird. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  ein  Teil  (28)  der  stickstoff  reicheren  Komponente  (14)  kondensiert 
und  in  der  Primarsaule  (100)  als  Rucklauf  benutzt  wird. 

50  3.  Verfahren  nach  Anspruch  1  oder2,  wobei  die  mit  Sauerstoff  angereicherte  Komponente  (18)  durch  indi- 
rekten  Warmeaustausch  mit  kondensierender  stickstoffreicherer  Komponente  (14)  teilweise  verdampft 
wird  und  sowohl  dersich  dabei  ergebende  mit  Sauerstoff  angereicherte  Dampf  (32,  42)  als  auch  mit  Sau- 
erstoff  angereicherte  Flussigkeit  (20,  33)  in  die  Hilfssaule  (200)  geleitet  werden. 

55  4.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  der  Druck  der  mit  Stickstoff  angereicher- 
ten  Flussigkeit  (27)  durch  Flussigkeitspumpen  erhoht  wird. 

5.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  ferner  ein  Teil  (10,  12,  30,  31)  der  ver- 
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dichteten  Einsatzluft  (3)  vor  dem  Einleiten  dieses  Teils  in  die  Primarsaule  (1  00)  verf  lussigt  wird. 

6.  Verfahren  nach  Anspruch  5,  bei  dem  der  Einsatzluftteil  (30,  31)  durch  indirekten  Warmeaustausch  mit 
Sumpfflussigkeit  der  Hilfssaule  (200)  verflussigt  wird,  wodurch  fur  einen  nach  oben  steigenden  Dampf- 
strom  fur  die  Hilfssaule  gesorgt  wird. 

7.  Vorrichtung  zur  Herstellung  von  unter  erhohtem  Druck  stehendem  Stickstoff  mit  verbesserter  Ausbeute, 
mit: 

(A)  einer  Primarsaule  (100),  die  einen  Kopfkondensator  (101)  und  eine  Anordnung  zum  Einleiten  von 
Einsatzfluid  (12,  13),  von  dem  mindestens  dergroliere  Teil  gasformig  ist,  in  die  Primarsaule  aufweist; 
(B)  einer  Anordnung  zum  Uberleiten  von  Fluid  als  Flussigkeitsstrom  (18)  von  dem  unteren  Teil  der  Pri- 
marsaule  (100)  in  den  Kopfkondensator  (101); 
(C)  einer  mit  einem  Kopfkondensator  (201)  versehenen  Hilfssaule  (200); 
(D)  einer  Anordnung  zum  Uberleiten  eines  ersten  Teils  (40)  des  Dampfs  (41)  von  dem  Kopfkondensator 
(101)  der  Primarsaule  in  einen  Turboexpander(44)  und  einer  Anordnung  zum  Uberleiten  eines  zweiten 
Teils  (42)  des  Dampfs  (41)  von  dem  Kopfkondensator  (101)  der  Primarsaule  in  die  Hilfssaule  (200); 
(E)  einer  Anordnung,  die  Dampf  (45)  von  dem  Turboexpander  (44)  in  indirekten  Warmeaustausch  mit 
gasformigem  Einsatzfluid  (5,  9)  bringt,  urn  in  das  System  Kalte  einzubringen; 
(F)  einer  Anordnung  zum  Uberleiten  von  Flussigkeit  (33)  von  dem  Kopfkondensator  (101)  der  Primar- 
saule  in  die  Hilfssaule  (200); 
(G)  einer  Anordnung  zum  Uberleiten  von  Flussigkeit  (27)  von  dem  Kopfkondensator  (201)  der  Hilfs- 
saule  in  die  Primarsaule  (100),  wobei  diese  Anordnung  Mittel  (60)  zum  Erhohen  des  Druckes  dieser 
Flussigkeit  aufweist;  und 
(H)  einer  Anordnung  zum  Gewinnen  von  Produkt  (16)  von  der  Primarsaule  (100). 

8.  Vorrichtung  nach  Anspruch  7,  bei  der  die  Mittel  zum  Erhohen  des  Druckes  eine  Flussigkeitspumpe  (60) 
aufweisen. 

9.  Vorrichtung  nach  Anspruch  7  oder  8,  ferner  versehen  mit  einer  Anordnung  (11,  202)  zum  Verflussigen 
eines  Teils  (10,  12,  30,  31)  des  Einsatzfluids  bevor  dieser  Teil  in  die  Primarsaule  (100)  eingebracht  wird. 

10.  Vorrichtung  nach  Anspruch  9,  wobei  die  Anordnung  zum  Verflussigen  des  besagten  Teils  (30,  31)  des 
Einsatzfluids  einen  Aufkocher  (202)  in  dem  unteren  Teil  der  Hilfssaule  (200)  aufweist. 

Revendications 

1.  Precede  de  production  d'azote  sous  haute  pression  en  un  rendement  ameliore,  comprenant  : 
(A)  I'introduction  d'aircomprime  d'alimentation  (3)  dans  une  colonne  principale  (100)  fonctionnantsous 
une  pression  comprise  dans  I'intervalle  de  5,5  a  10,3  bars  (80  a  150  lb/in2  en  valeur  absolue)  ; 
(B)  le  f  ractionnement  de  I'air  d'alimentation  present  dans  la  colonne  principale  (100)  en  un  constituant 
plus  riche  en  azote  (14)  et  un  constituant  enrichi  en  oxygene  (18)  ; 
(C)  la  condensation  du  constituant  plus  riche  en  azote  (14)  par  echange  indirect  de  chaleur  avec  au 
moins  une  partie  du  constituant  enrichi  en  oxygene  (18)  ; 
(D)  la  turbo-expansion  d'une  portion  (40)  du  constituant  enrichi  en  oxygene  (41)  resultant  de  la  mise 
en  oeuvre  de  I'etape  (C)  et  le  passage  de  ladite  portion  ayant  subi  une  turbo-expansion  (45)  en  echange 
indirect  de  chaleur  avec  I'air  comprime  d'alimentation  (3)  pour  realiser  une  refrigeration  dans  I'instal- 
lation  ; 
(E)  le  passage  du  constituant  enrichi  en  oxygene  (33,  42)  resultant  de  la  mise  en  oeuvre  de  I'etape  (C) 
dans  une  colonne  auxiliaire  (200)  fonctionnant  sous  une  pression  inferieure  a  celle  de  la  colonne  prin- 
cipale  (100)  ; 
(F)  le  f  ractionnement  du  constituant  enrichi  en  oxygene  en  une  vapeur  enrichie  en  azote  (22)  et  un  li- 
quide  plus  riche  en  oxygene  (23)  ; 
(G)  la  condensation  de  la  vapeur  enrichie  en  azote  (22)  par  echange  indirect  de  chaleur  avec  le  liquide 
plus  riche  en  oxygene  (23)  pour  produire  un  liquide  enrichi  en  azote  (27)  ; 
(H)  I'elevation  de  la  pression  du  liquide  enrichi  en  azote  (27)  a  une  valeur  pratiquement  egale  a  la  pres- 
sion  de  fonctionnement  de  la  colonne  principale  (100)  ; 
(J)  I'introduction  du  liquide  enrichi  en  azote,  mis  sous  pression,  dans  la  colonne  principale  (100)  pour 
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une  production  supplemental  du  constituant  plus  riche  en  azote  (14)  ;  et 
(K)  I'evacuation  du  constituant  plus  riche  en  azote  de  la  colonne  principale  (1  00)  comme  produit  consis- 
tent  en  azote  sous  pression  elevee  (16). 

Precede  suivant  la  revendication  1,  dans  lequel  une  portion  (28)  du  constituant  plus  riche  en  azote  (14) 
est  condensee  et  utilisee  comme  reflux  dans  la  colonne  principale  (100). 

Precede  suivant  la  revendication  1  ou  2,  dans  lequel  le  constituant  enrichi  en  oxygene  (18)  est  vaporise 
partiellement  par  echange  indirect  de  chaleur  avec  le  constituant  plus  riche  en  azote  (14)  subissant  la 
condensation,  et  la  vapeur  enrichie  en  oxygene  (32,  42)  resultante  et  le  liquide  enrichi  en  oxygene  (20, 
33)  sont  passes  tous  deux  dans  la  colonne  auxiliaire  (200). 

Precede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  la  pression  du  liquide  en- 
richi  en  azote  (27)  est  elevee  par  pompage  de  liquide. 

Precede  suivant  I'une  quelconque  des  revendications  precedentes,  comprenant  en  outre  la  liquefaction 
d'une  portion  (1  0,  12,  30,  31)  de  I'air  comprime  d'alimentation  (3)  avant  I'introduction  de  cette  portion  dans 
la  colonne  principale  (100). 

Precede  suivant  la  revendication  5,  dans  lequel  la  portion  d'air  d'alimentation  (30,  31)  est  liquefiee  par 
echange  indirect  de  chaleur  avec  le  residu  de  la  colonne  auxiliaire  (200)  en  provoquant  ainsi  un  courant 
ascendant  de  vapeur  pour  la  colonne  auxiliaire. 

Appareil  pour  la  production  d'azote  sous  haute  pression  en  un  rendement  ameliore,  comprenant  : 
(A)  une  colonne  principale  (100),  possedant  un  condenseur  de  tete  (101)  et  un  moyen  d'introduction 
d'une  charge  (12,  13),  dont  au  moins  la  portion  principale  est  gazeuse,  dans  la  colonne  principale  ; 
(B)  un  moyen  pourfournir  un  fluide  sous  forme  d'un  courant  de  liquide  (18)  de  la  portion  inferieure  de 
la  colonne  principale  (100)  dans  le  condenseur  de  tete  (101)  ; 
(C)  une  colonne  auxiliaire  (200)  possedant  un  condenseur  de  tete  (201)  ; 
(D)  un  moyen  pour  introduire  une  premiere  portion  (40)  de  vapeur  (41)  a  partir  du  condenseur  de  tete 
(101)  de  la  colonne  principale  dans  un  appareil  de  turbo-expansion  (44)  et  un  moyen  pour  introduire 
une  seconde  portion  (42)  de  la  vapeur  (41)  provenant  du  condenseur  de  tete  (101)  de  la  colonne  prin- 
cipale  dans  la  colonne  auxiliaire  (200)  ; 
(E)  un  moyen  pour  mettre  la  vapeur  (45)  provenant  de  I'appareil  de  turbo-expansion  (44)  en  echange 
indirect  de  chaleur  avec  la  charge  gazeuse  (5,  9)  pour  realiser  une  refrigeration  dans  I'installation  ; 
(F)  un  moyen  pour  introduire  le  liquide  (33)  provenant  du  condenseur  de  tete  (101)  de  la  colonne  prin- 
cipale  dans  la  colonne  auxiliaire  (200)  ; 
(G)  un  moyen  pour  introduire  le  liquide  (27)  provenant  du  condenseurde  tete  (201)  de  la  colonne  auxi- 
liaire  dans  la  colonne  principale  (100),  comprenant  un  moyen  (60)  poureleverla  pression  dudit  liquide  ; 
et 
(H)  un  moyen  pour  recueillir  le  produit  (16)  de  la  colonne  principale  (100). 

Appareil  suivant  la  revendication  7,  dans  lequel  le  moyen  d'elevation  de  pression  comprend  une  pompe 
de  liquide  (60). 

Appareil  suivant  la  revendication  7ou  8,  comprenant  en  outre  un  moyen  (11,  202)  pour  liquefier  une  por- 
tion  (10,  12,  30,  31)  de  la  charge  avant  introduction  de  cette  portion  dans  la  colonne  principale  (100). 

Appareil  suivant  la  revendication  9,  dans  lequel  le  moyen  de  liquefaction  de  la  portion  (30,  31  )  de  la  charge 
comprend  un  rebouilleur  (202)  dans  la  portion  inferieure  de  la  colonne  auxiliaire  (200). 
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